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Abstract.— Two series of experiments were completed to determine (a) toxicity of waste water from power plants

on warm water fish and (b) multiple use of waste heat and water for aquatic animal and plant production. All three

types of waste water from a typical coal-fired power plant are acceptable for growing catfish and tilapia following

aeration. This growth was compared with fish raised in spring water. Closed, recirculating polyculture systems using

evaporation pond water operated efficiently for plant (duckweed) and animal (fish and freshwater prawns) produc-

tion. Duckweed is an excellent supplement for fish feed. Tilapia and freshwater prawns grew rapidly in the tanks

containing duckweed only.

Efficient use of natural resources will be

essential in the next decade, especially as it

relates to energy reserves. The lower sulfur

coal reserves of the western United States are

large and are expected to be used as an

energy source for many years to come. De-

sign of coal-fired power plants has improved

so that more electricity can be produced

with minimal impact on the environment.

However, plant operation still depends on

the availability of large quantities of high-

quality water. Although plant efficiency has

improved, massive amounts of waste heat is

produced and expelled via water-cooling sys-

tems. The wasted heat is generally of little

use to industry but could be used for warm
water aquaculture (Table 1).

Aquaculture involves the farming of eco-

nomically important species of fish and
shellfish (Holden 1978). Aquatic animals tend

to have better feed conversion ratios than

terrestrial animals, because aquatic animals

expend only minimal amounts of energy sup-

porting body weight and in maintaining a

constant body temperature.

Development of aquaculture facilities uti-

lizing the tremendous amounts of waste heat

produced by power plants should be a goal

for maximum use of the coal reserves for the

western states. One objective of our research

for the past four years has been the devel-

opment of multiple-use aquaculture systems

for the waste heat from power plants in

Utah.

Observations of the evaporation ponds at

both the Hunter and Huntington power
plants in Utah have indicated that at certain

times the ponds contain abundant plants and

animals and at other times aquatic life is ab-

sent. It appears from these observations that

a toxin or low dissolved oxygen levels could

be responsible for the periodic mortality.

These observations led to the initial experi-

mentation to determine probable reasons for

this mortality.

It was found in a pilot study that evapo-

ration pond water from the Huntington pow-
er plant on occasions was lethal to fish. This

Table 1. Potential uses of thermal waters (adapted

from Rinehart 1980).

Degrees
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Table 2. Growth data for long-term toxicity tests. There were 15 catfish and 15 tilapia used in each tank.
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Table 4. Large-system lower tank (weights, feed, conversions). There were 20 catfish and 20 tilapia used in this

tank. Dav 1 = 25 Feb 1981.
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Table 6. Small-system lower tank (weights, feed, conversions). There were 10 catfish and 10 tilapia used in this

tank. Day 1 = 25 Feb 1981.
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each system received freshwater shrimp

{Macrohrachium rosenbergii) and the other

received 2 tilapia each. No commercial food

was added to the duckweed tanks, leaving

the shrimp and tilapia in these tanks to feed

on plant growth and waste products coming

from the other fish tanks. The fifth tank con-

tained the biological filter that consisted of a

crushed oyster shell and the nitrifying bac-

teria. One filter tank also contained pots of

water chestnuts {Eleocharis dulcis).

The water flowed through a duckweed

tank, a fish tank, the second duckweed tank,

the second fish tank, then into the filter. Wa-
ter from the filter tank was recirculated back

into the first duckweed tank. Water quality

parameters were measured daily and fish

growth was measured every 15 days. Duck-

weed was harvested as necessary to prevent

clogging of pipes and filters and to promote

maximum duckweed growth.

In addition to the laboratory system, a

cage (4 X 4 X 4 ft, floating, of rubber-

coated mesh) was placed in the evaporation

pond at the Hunter Power Plant. Fifteen ti-

lapia were placed in the cage and their

growth was monitored.

Table 8. Duckweed production (Starting 25 Feb

1981) in the large-system upper tank.

Date

Amount harvested

(g)

2 April

20

12 May
20

27

4 June

8

15

16

17

19

20

23

25

26

27

29

30

IJuly

2

6

Total"

458.2

698.9

275.0

126.0

327.0

286.0

129.0

1.35.0

1.35.0

135.0

1.35.0

1.35.0

44.0

102.0

45.0

57.0

45.0

110.0

63.0

40.0

65.0

.3546.1

Results

Project 1

All but two fish used in the short-term tox-

icity tests survived the eight-day duration of

the experiment. The two deaths occurred in

evaporation pond water, one in the 72-hour

jar and one in the 24-hour jar.

Mortality in the long-term experiments re-

sulted in 10 dead catfish and 6 dead tilapia in

the oyster-shell-filtered groups. Eighteen ti-

lapia died in the bio-ring-filtered group. The
10 catfish included one in evaporation pond
water and 9 in spring water. The tilapia mor-

tality in the oyster shell group included 2

each in evaporation pond water, waste water,

basin water, and cooling tower water. Mor-

tality in the bio-ring system included 4 each

in evaporation pond water and cooling tower

water, 8 in spring water, and 2 in the water

from the waste water basin.

Water quality was acceptable in the oyster

shell system during the experimental period;

however, nitrite levels in the bio-ring group

were well below acceptable levels. Growth
data is reported in Tables 2 and 3.

Project 2

Tilapia fed the prepared trout food showed

mcreases in body weight of 10 to 50% every

15 days (Tables 4-7). When fed strictly duck-

weed at 15% of body weight, the tilapia

showed marginal gains but the catfish lost

weight (Table 4 between days 45-75). When
a mixture of duckweed and trout food was

fed, weight gains of up to 28% were achieved

(Table 4). The conversion ratios were best

Table 9. Duckweed production (Starting 25 Feb

1981) in the small-system upper tank.

Amount harvested

Date (g)

2 April

22

12 May
23

30

2 June

13

21

Total"

317.1

266.0

319.5

170.0

192.0

142.0

140.0

70.0

1616.6

•Total = 3546.1 g = 36.7 tons/acre/year. •Total = 1616.6 g = 38.9 tons/acre/year.
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when duckweed and commercial feed were

used together (Table 4). The tilapia and
shrimp in the duckweed tanks grew rapidly

without being fed any outside food, eating

only the existing plant growth and waste

products. Duckweed production has been

measured at approximately 33 tons/ac/yr

(Tables 8-10). Duckweed in the large-system

lower tank did not have a chance to repro-

duce before the fish in the tank ate it. The
small system that had contained the power
plant evaporation pond water since day 77

(Tables 11 and 12) experienced a spawning

on day 117 in the lower fish tank. The newly

hatched fish were removed from the fish tank

and placed in the duckweed tanks. As of Au-

gust they were nearly 1.5 inches long, feed-

ing entirely on duckweed and waste products

in the system. Some mortality of fish was ex-

perienced due to low dissolved oxygen (D.O.)

at times. The low dissolved oxygen was prob-

ably due to the high respiration from plant

materials growing in the system and the bio-

logic filter organisms. To compensate for the

problem, air stones were added.

The water chestnuts grew poorly vmder the

normal fluorescent lights but did well under

the broad spectrum lights. At the Hegerhorst

system in Benjamin, Utah, water chestnuts

from the same stock, planted outside at the

same time, grew to approximately 5 feet tall

and have been harvested.

It can be seen that the large system re-

acted the same as the small system, but not as

quickly. The biological filters required a nor-

mal period of time to establish themselves, as

shown by the nitrite levels, but were suf-

ficient to handle 2.5% feed rates.

Table 10. Duckweed production (Starting 25 Feb

1981) in the small-system lower tank. Two fish were in-

cluded in this tank.

Amount harvested

Date

2 April

22

21 May
8 June

14

21

24

Total"

250.8

139.7

203.0

121.0

138.0

70.0

54.0

975.7

The evaporation pond at Hunter during

July and August 1981 contained mayflies,

dragonflies, damselflies, numerous water bee-

tles, and abundant vegetation. The fish in the

cage were given no food except for some of

the mosses and aquatic insects that existed in

the pond. The fish grew very well on the nat-

ural productivity of the pond, increasing 64%
in weight in one month (Table 13).

Discussion

Results from short-term and long-term tests

indicate that all the waters used in this exper-

iment were acceptable for growing both spe-

cies of fish under the defined conditions. Ani-

mal growth was considered to be satisfactory

in all systems. The high mortality rate in the

spring water aquaria was probably due to

contamination of the water line, because the

spring water pump» were being repaired the

day prior to beginning the experiments.

The results of the short-term toxicity test-

ing were surprising because there was much
less mortality than was expected. It appeared

that none of the water sources contained the

substances that had produced toxicity in the

past. One possible explanation for this lack of

toxicity might be that the toxin or toxins are

not continuously present in the waste waters

from the power plant. Therefore, the toxin

may be the result of some variation in the

normal processes of the power plant.

Discussion with personnel at the power

plant indicated that periodically the blow-

down from the SOo scrubbers have been re-

leased into the evaporation pond. It was also

found that changes have been made to pre-

vent this from occurring in the future. It ap-

peared likely that this blowdown may have

been the source of the periodic toxicity ob-

served in the evaporation pond. Examination

of fish tissue using EDAX(Energy Dispersive

Table 11. Water quality for large system.

Parameter Mean Range

'Total = 975.7 g = 23.4 tons/acre/year.

Temperature

(centigrade)
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Analysis for X-Rays) in conjunction with

SEM (Scanning Electron Microscopy) in-

dicated high levels of sulfur that further con-

firmed this hypothesis. The EDAX technique

can detect elements found in tissue in ppm
and ppb.

The advantages and potential of this type

of aquaculture system are great. The present

data indicate that the closed, recirculating

polyculture system will operate efficiently,

especially when duckweed from within the

system is used as a supplemental feed. This

corroborates other findings (Mayo 1976, Ray

1981, Siddal 1974). It is reported that 75-80

percent of the production costs in aquacul-

ture come from the feed and fingerlings

(USDA Economic and Statistical Service

1981). Duckweed as a supplement could be

an important factor in cutting back these

costs. The economic values of a polyculture

system are obvious because there is more

production per unit of culture. Our tests have

also shown that there is no apparent effect

upon the organisms using waste waters from

Utah Power and Light's Hunter Unit, and,

thus, on the basis of our tests, it appears that

the water can be used directly in the aqua-

culture system. Although this system will

produce a protein source suitable for human
consumption, it will also produce other ben-

efits that have been summarized below:

1. The system will provide a secondary

method for the consumption of waste

heat, drawing required amounts of heat

directly from water lines carrying waste

heat to the coohng towers.

2. This system could allow additional use

of heat and water from geothermal

projects prior to water reinjection.

3. Water flowing from aquaculture oper-

ations will carry nutrients beneficial to

surface farming operations.

Table 12. Water quality for small system.

Parameter Mean Range

Temperature

(centigrade)

pH

Conductivity

Oxygen

(ppm)

27.2

510/4930°

5.14

25.0-.30.0

7.2-8.4

440-600/2900-7000

1.26-7.80

4. The aquaculture operations are non-

consumptive. Water losses will be limit-

ed to evaporation.

5. Duckweed production from aquaculture

ponds can be used as a protein supple-

ment for cattle. Up to 75% replacement

of cattle feed by duckweed has been

tested successfully by other researchers

(Hillman and Culley 1978).
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Table 13. Cage culture at the Hunter Power Plant in

1981.

20 July 15 .\ugust

Length

(mm)

Weight

(g)

Length

(mm)
Weight

(g)

175

128

170

134

175

156

114

123

144

125

120

130

132

113

1,35

91

37

82

38

100

65

24

31

48

31

24

31

38

19

39

128

147

176

183

184

125

140

151

147

133

150

1.52

154

152

37

52

102

117

112

43

58

76

69

46

75

73

76

84

'Higher conductivity levels are the result of the change from spring wa-

ter to evaporation pond water.

20 July 1981

Mean length = 138.3 mm
Range =113- 175 mm
StdDev =21.2

15 August 1981

Mean length = 151.6 mm
Range = 125 - 184 mm
Std Dev = 18.5

Increase = 38%

Mean Wt. = 46.5 g
Range = 19 - 100 g
Std bev = 25.7

Mean VVt. = 72.9 g
Range = 37 -cll7 g
Std Dev = 24.9

Increase = 64%
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